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•  How is the global Earth system changing? 

•   What are the primary forcings of the Earth  
system? 

•   How does the Earth system respond to  
natural and human-induced changes? 

•   What are the consequences of changes in 
the Earth system for human civilization? 

•   How well can we predict future changes to 
the Earth system? 

Water Cycle 
Energy  
Cycle 
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Meteorological Information from GMAO 
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GEWEX Surface Radiation Budget: 24+ years of cloud 
(from ISCCP), SW and LW fluxes at TOA and Surface 

24 Year Annual 
Average Surface 

Solar Fluxes  
(W m-2) 

(Jan 1984 –  
Dec 2007) 

GEWEX SRB 
SW v3.0  

(ISCCP, GMAO) 
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FLASHFlux: Global TOA and Surface Fluxes within 
1 week of observation from Terra and Aqua 

Daily Average Solar Irradiance for June 15, 2010 (Wm-2) 

FLASHFlux (CERES/MODIS, GMAO) 
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•  Applied Sciences Goal: The Applied Sciences program extends NASA 
Earth Science research and observations for practical use in 
environmentally-related decision and policy making. 

•  Serves society through: 
–  Demonstrating, through partnerships with public organizations, 

improvements to their ability to manage and plan natural resources and 
to make better environmental predictions, decisions, and policy. 

•  Serves the Earth science community by: 
–  Demonstrating and communicating the utility and potential of Earth 

science for societal benefit to a broad audience 
–  Complementing R&A programs through applied research in strategic 

areas 
–  Providing the applications “viewpoint” to the research community (e.g., 

working with GEO and CEOS) 
–  Forging partnerships with “nontraditional” organizations  (e.g., NREL, 

USDA, Battelle, NRCan, ESA, DLR, Universities, Private Sector) 
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Disaster 
Management 

Public 
Health 

Climate 

Water 
Resources 

Weather 

Ecosystems 

Agriculture  

Air 
Quality 

Applied Sciences aligns with GEO Societal Benefit Areas, with a 
focus on those areas where:  

•  NASA has capability and expertise  
•  NASA can have greatest impact 
•  Societal need is greatest 
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POWER = Prediction of Worldwide Energy Resource 

Objective: Improve the Nation’s public and private 
capability for integrating environmental data from 
NASA’s satellite-based analysis and modeling 
research into sound management of energy 
production and energy efficiency systems. 

Goals:  
1.  Establish partnerships to facilitate the integration 

and adaptation of NASA satellite analysis and 
modeling data into electric power industry 
Decision Support System’s (DSS) and 
databases. 

2.  Target such datasets for Electric Power, 
Renewable Energy, Energy-Efficient Building 
Design and Biomass Crop Development 
Industries 

3.  Transition operational capabilities to government 
and/or private sector entities. 
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• Satellite: GOES, POES, 
TRMM, Terra, Aqua, TOMS, 
SORCE, Aura, CALIPSO, 
CloudSat, Glory, GPM, NPP 

• Land: Aeronet, BSRN, 
ARM, SURFRAD 

EARTH OBSERVATIONS 

EARTH SYSTEM MODELS 

• Earth System & Climate 
Change: GMAO Analysis 
(GEOS v4.0, v5.1; MERRA) 

• Atmospheric Analysis 
Projects: ISCCP, SRB, 
FLASHFlux (CERES, 
MODIS), GPCP 

Data 

POWER 
Prototype Data 
Set Generation, 

Validation 

Data 

Data 

*Future Mission 

Selected Proposals 
• Crop-Yield Modeling 
   (USDA, U.Neb., U. Ga) 
• SWERA 2 (Decisions) 
   (USGS, NREL) 
• Advance solar mapping 

(NREL, NCDC, SUNY) 
• Building Climate Maps 

(ASHRAE, DOE) 

Energy Forecasting 
• MiniCAM (PNNL) 
• Load Forecasting 

(Battelle, Ventyx, MSFC)


Renewable Energy & 
Energy Efficiency 

• RETScreen (NRCan) 
• HOMER  
•  IEA Task (NREL)  
• WMO Buildings 

Web Prototypes  
•  SSE 
•  Sustainable  
   Buildings 
•  Agroclimatology 
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ISCCP 
GEOS-4 

NCAR MATCH 
TOMS/TOVS 

GPCP


GEWEX  
SRB


POWER


Agricultural Crop  
Projections


Applied Sciences


Energy Resource  
and Load


Science Inputs


24 Year 
Time 
Series 

CERES 
MODIS 
GEOS-4 

NCAR MATCH 
SMOBA (OMI) 

TRMM


SSE Rel.  
6.0


POWER


Within 
1 Week 
Of 
Real-
Time 

FLASH- 
Flux


(power.larc.nasa.gov) 

(eosweb.larc.nasa.gov/sse) 
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•  23 Years 
•  New parameters 
•  Updated Solar 

algorithm 
•  Improved validation 
•  Increased 

accessibility 
including regions/
time series 

•  Direct connection 
to 3 renewable 
energy DSS tools 

http://eosweb.larc. 
nasa.gov/sse 
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Power validation significant, included in extensive 
methodology document 



R1:  
DOE 

R2: Small 
Business 
partners 

R3: RET-
Screen 

R4: Higher  
resolution  

R5: New 
parameters, 
HOMER 

Surface meteorology and Solar Energy (SSE) Web Interface Usage 
> 17.5 million 
total hits and 
~4 million data 
requests 
since 1997 
inception 

R6:  
Longer,  
RET- 
Screen  
4 

Now >75,000+ 
users, 

~2.5X increase 
since 2007, 

>1900 new users 
per month in 

2010 

Monthly Averaged Usage Statistics 
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Direct Linkage to Building/Renewable  
Energy Decision Support 
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RETScreen 
www.retscreen.net 
•  Clean Energy 
Project Analysis 
Tool 

•  Aimed for both 
feasibility and 
detailed scenario 
analysis 

•  Built on Excel 

•  Partners since  
2000 
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•  Wind Energy: wind turbines, integration 
•  Small Hydro-Electric Power 
•  Photovoltaic Technology & Applications: household 

PV, water pumping, grid-tied building integrated PV 
•  Combined Heat and Power: Applications (residential, 

commercial, building clusters, district energy systems 
etc.), Fuels (biogass, wood residue, etc.), Equipment 
(heating and cooling, power generation) 

•  Biomass Heating: wood chip, heating 
•  Solar Air Heating: solar thermal walls 
•  Solar Water Heating: residential and commercial 
•  Passive Solar Heating: illumination angles; windows 
•  Ground Source Heat Pump Tech & Applications 
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•  Built-in cities of 
world 

•  Direct query of 
SSE data through 
web 

•  255,000+ users 

•  222 countries 

•  1000 new users 
every week  

•  Release 4: 36 
languages 

      NASA data 
       In Situ data 

RETScreen Climate Database 

Points represent world’s cities (~10,000).  Red have in situ 
observations. Blue defer to NASA LaRC data sets (~5,000).  Data 
for locations between points are found through a direct link to SSE. 
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“Best hourly assessment tool for hybrid renewable 
electric generation systems in the world - bar none.”  
Dr. Jan F. Kreider 
Building Systems Program, University of Colorado, January 2008 
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•  USGS-led 
ROSES Proposal 

•  Data archive, 
user interface 
at UNEP GRiD 
facility 

•  NASA role: 
supply global 
data parameters 
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PNNL/Joint Global Change Research Center uses NASA 
POWER data sets for initiation of MiniCAM 50-year energy 

market forecasts for policy planning 

Direct Solar Irradiance for areas  
with 50 or less no-sun days per year 

Forested and Agricultural Areas Excluded 
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•  International collab-
oration representing >8 
nations; >15 
Organizations 

•  5 Year Task 
•  DOE/NREL led 
•  NASA/POWER 

contributing expertise 
on solar resource 
estimation and 
validation, user and 
interface information, 
data sets and research 

•  Result: More 
accessible and reliable 
information for solar 
energy projects 
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•  Core member of GEO energy community of practice 
–  Applied Sciences-funded activities contribute directly to GEO work plan tasks 

EN06-04, EN07-01, EN07-03 
–  IEA activity, leveraged with ESA partnership, provided first GEO energy early 

achievement project, “Solar Information for Developing Countries” 
–  One of principal authors of GEO Energy Strategic Plan, which closely mirrors 

Applied Sciences Program plan 
–  Lead for CEOS Energy SBA activities (GEO-CEOS remapping activities) 
–  Energy articles published in GEO summit publication (two with NASA 

involvement) 
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Hosted by École des Mines de Paris 

GEOSS: First Energy Demonstration 
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•  Building data sets for design (DOE, ASHRAE) 
–  ESSM: GMAO GEOS-4, MERRA, GOCART 
–  Satellite-based: GEWEX SRB 

•  Advanced Long-term Solar Mapping (NREL) 
–  Earth System Science models (ESSM): GMAO MERRA, GOCART 
–  Satellite-based: ISCCP B1U (w/ 8km pixels), TOVS-TOMS 

•  Building Targeting and Monitoring (NASA, NRCan)  
–  ESSM: GMAO operational assimilation 
–  Satellite-based: FLASHFlux 

•  Load Forecasting (Battelle, Ventyx) 
–  ESSM: GMAO operational assimilation, forecasts; SPORT 
–  Satellite-based: FLASHFlux 

•  Solar Energy Forecasting (NREL, SUNY) 
–  ESSM: GMAO forecasts 
–  Satellite-based: FLASHFlux (for validation) 
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Global Building Design Climate Zones 
(with ASHRAE and DOE) 

Location 
Specific 
Daily/Monthly  
Averaged 
Climate 
Information 

Location Specific Traditional 
Architectural Comfort Zone 

Design Charts (with AIA) 

30 Years Needed! 
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•  Building data sets for design (DOE, ASHRAE) 
–  ESSM: GMAO GEOS-4, MERRA, GOCART 
–  Satellite-based: GEWEX SRB 

•  Advanced Long-term Solar Mapping (NREL) 
–  Earth System Science models (ESSM): GMAO MERRA, GOCART 
–  Satellite-based: ISCCP B1U (w/ 8km pixels), TOVS-TOMS 

•  Building Targeting and Monitoring (NASA, NRCan)  
–  ESSM: GMAO operational assimilation 
–  Satellite-based: FLASHFlux 

•  Load Forecasting (Battelle, Ventyx) 
–  ESSM: GMAO operational assimilation, forecasts; SPORT 
–  Satellite-based: FLASHFlux 

•  Solar Energy Forecasting (NREL, SUNY) 
–  ESSM: GMAO forecasts 
–  Satellite-based: FLASHFlux (for validation) 
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Using newly archived ISCCP B1U and latest long-
term H2O, O3, aerosol information develop long-

term solar maps at high resolution 
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•  Building data sets for design (DOE, ASHRAE) 
–  ESSM: GMAO GEOS-4, MERRA, GOCART 
–  Satellite-based: GEWEX SRB 

•  Advanced Long-term Solar Mapping (NREL) 
–  Earth System Science models (ESSM): GMAO MERRA, GOCART 
–  Satellite-based: ISCCP B1U (w/ 8km pixels), TOVS-TOMS 

•  Building Targeting and Monitoring (NASA, NRCan)  
–  ESSM: GMAO operational assimilation 
–  Satellite-based: FLASHFlux 

•  Load Forecasting (Battelle, Ventyx) 
–  ESSM: GMAO operational assimilation, forecasts; SPORT 
–  Satellite-based: FLASHFlux 

•  Solar Energy Forecasting (NREL, SUNY) 
–  ESSM: GMAO forecasts 
–  Satellite-based: FLASHFlux (for validation) 
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–  Satellite-based: ISCCP B1U (w/ 8km pixels), TOVS-TOMS 

•  Building Targeting and Monitoring (NASA, NRCan)  
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–  Satellite-based: FLASHFlux 

•  Load Forecasting (Battelle, Ventyx) 
–  ESSM: GMAO operational assimilation, forecasts; SPORT 
–  Satellite-based: FLASHFlux 

•  Solar Energy Forecasting (NREL, SUNY) 
–  ESSM: GMAO forecasts 
–  Satellite-based: FLASHFlux (for validation) 
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ROSES proposal w/ Battelle and NewEnergy to evaluation NASA long-
term data sets (GMAO) and high resolution forecasts (SPORT) 

-  Gas utilities use daily averaged data 
-  Daily averaged 4 years of POWER/
FLASHFlux delivered for 4 regions 
-  Forecast errors reduced 

-  FLASHFlux data delivered weekly for 
the Ventyx Vector database 



7/22/2010 NASA LaRC Research and Applied Science 37 

•  NASA Applied Science Program has and continues to 
yield significant results for nation and international 
programs through Science => Applications transfer 

•  Successes include supporting renewable energy and 
energy efficient technology optimization; thus are 
relevant to identified priorities in climate change 
mitigation and adaptation. 

•  The model of success in this field has been long-term 
partnerships featuring the development and 
dissemination of specifically tailored data sets.  

•  Data sets made available through web based 
interfaces provide opportunities for new projects and 
new partnerships 
–  Higher resolution and Hourly data needed! 
–  Need for forecasted parameters growing 
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http://power. 
larc.nasa.gov 


